
OT3hIB 

OqnUJ,11aJIbHOrO OrrrrOHeHTa re'll11 B.5I. 

Ha ,n11CCepTaIJ,I1IO I1BaHoBa H11Kona51 CepreeB11'lla «MHOrOrrOnIOCHbIe 

C11HXpOHHbIe 3neKTP11'lleCK11e MaIII11HbI 06paIIJ,eHHOH KOHCTPYKIJ,1111», 

rrpe,nCTaBneHHYIO Ha C011CKaH11e Y'lleHOH CTerreH11 KaH,n11,naTa TeXH11'lleCK11X HayK 

rro CrreIJ,11aJIbHOCT11 05.09.01 «3neKTpOMeXaH11Ka 11 3JIeKTp11'lleCK11e arrrrapaTbI» 

AKryaJIbHOCTb TeMbI. POCT rrOTPe6JIeH1151 3JIeKTp03Hepr1111, HOBbIe 

3JIeKTpOTeXH11'lleCK11e YCTpOHCTBa B 3neKTPOM0611JI5IX 11 3JIeKTp11<p11IJ,I1pOBaHHbIX 

CaMOJIeTaX, BeTP03HepreT11'lleCK11e YCTaHOBKI1 MOIIJ,HOCTbIO 10 MBT 11 60JIee 

,neJIaIOT Heo6xo,nI1MbIM pa3pa6oTKY HOBbIX 3JIeKTpOMeXaH11'lleCK11X 

rrpe06pa30BaTeJIeH. C11HXpOHHbIe MaIII11HbI 06paIIJ,eHHOrO 11CrrOJIHeH1151 rr03BOJI5IIOT 

B p5l,ne CJIY'llaeB peaJI1130BbIBaTb KOHCTPYKIJ,1111, He,nOCT11)1(11MbIe rrp11 

11CrrOJIb30BaH1111 MaIII11H TPa,nI1IJ,110HHOrO I1CrrOJIHeH1151, KpoMe Toro, 06paIIJ,eHHbIe 

3JIeKTp11'lleCK11e MaIIII1HbI 11MeIOT YBeJI11'lleHHbIH KI1HeTI1'lleCK11H MOMeHT. 

B ,n11CCepTaIJ,I10HHOH pa60Te I1BaHoBa H.C. paccMoTpeH Ba)l(HbIH Borrpoc 

CpaBH11TeJIbHOrO aHaJI113a ,nByx Ha1160JIee rrepCrreKT11BHbIX T11rrOB C11HXPOHHbIX 

MaIII11H 06paIIJ,eHHOH KOHCTPYKIJ,1111 - C B036Y)l(,neH11eM OT BbICOKOK03PIJ,11TI1BHbIX 

rrOCT05lHHbIX MarH11TOB 11 C 3JIeKTpOMarHI1THbIM B036Y)l(,neH11eM, BKJIIO'lla51 

B036Y)l(,neH11e OT BbIcoKoTeMrrepaTypHbIX cBepxrrpOBOMIIJ,11X rrpoBo,noB BToporo 

rrOKOJIeHI15I. ,naHHbIH aHaJI113 HarrpaBJIeH Ha BbI5IBJIeH11e 60JIee paIJ,110HaJIbHOrO 

rrpI1MeHeH1151 Toro 11JI11 11HOrO T11rra B036Y)l(,neH1151, a TaK)I(e rr03BOJI5IeT OIJ,eH11Tb 

IJ,eJIeC006pa3HOCTb rrepexo,na OT o,nHoro T11rra B036Y)l(,neH1151 K ,npyroMy ,nJI5I 

Ka)l(,noH KOHKpeTHoH TeXH11'lleCKOH C11CTeMbI. 

OCHoBHbIe pe3YJIbTaTbI H HaYQHaH HOBH3Ha 

HaY'llHa51 HOBI13Ha pe3YJIbTaTOB ,n11CCepTaIJ,110HHOH pa60TbI 06YCJIOBJIeHa 

CJIe,nyIOIIJ,11M11 rrOJIO)l(eH1151M11: 

1. Pa3pa60TaHa HOBa51 MeTo,n11Ka 3JIeKTpOMarH11THOrO paC'lleTa 

CI1HXPOHHbIX MaIII11H 06paIIJ,eHHOH KOHCTPYKIJ,1111 C B036Y)l(,neH11eM OT rrOCT05lHHbIX 
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MarHI1TOB, OCHOBaHHa5I Ha aHaJIl1Tl1qeCKOM paCqeTe .n:BYXMepHbIX pacrrpe.n:eJIeHI1H 

MarHI1THbIX rrOJIeH B aKTI1BHOH 30He CI1HXPOHHOH MalIII1HbI. 

2. Pa3pa60TaHa HOBa5I MeTo.n:l1Ka paCqeTa CI1HXPOHHbIX Mallll1H 

o6pameHHoH KOHCTPYK~1111 C 3JIeKTpOMarHl1THbIM B036Y)I(.n:eHl1eM, BKJIIOqa5I 

B036Y)l(.n:eHl1e Ha OCHOBe BbICOKOTeMrrepaTypHbIX CBepxrrpOBO.n:5Iml1X (BTCI1) 

rrpOBo.n:OB. MeTo.n:I1Ka rrOCTpoeHa Ha 6a3e aHaJIl1TI1QeCKOrO paCQeTa 

pacrrpe.n:eJIeHU5I MarHl1THbIX rrOJIeH B aKTl1BHOH 30He MalllI1HbI. 

,I(aHHbIe MeTo.n:I1KI1 yql1TbIBaIOT CBOHCTBa MaTepl1aJIOB, CTpyKTypy 11 

reOMeTpl1IO aKTl1BHOH 30HbI. 

3. Ha OCHOBe rrOJIYQeHHbIX aHaJIl1Tl1QeCKI1X pelIIeHI1H rrpOBe.n:eH 

CpaBHI1TeJIbHbIH aHaJI113 Cl1HXPOHHbIX MalIIl1H 06pameHHOH KOHCTpyK~l1l1 C 

B036Y)l(.n:eHl1eM OT IIrv111 3JIeKTpOMarHI1THbIM B036Y)l(.n:eHl1eM. 

4. C<p0PMYJIl1pOBaH Kpl1Tepl1H, rro KOTOPOMY MO)l(HO rrpoBo.n:l1Tb o~eHKy 

~eJIeC006pa3HOCTI1 rrpl1MeHeHl15I BTCI1 rrpoBo.n:oB rrpl1 rrpOeKTl1pOBaHl1l1 3MI1 

o6pameHHoH KOHCTPyK~l1l1. 

OCHOBHhle pe3YJIhTaThI ,1J;HCCepTaU:HH 

1. Pa3pa60TaHbI MeTo.n:l1KI1 paCQeTa .n:ByxMepHblx MarHl1THbIX rrOJIeH 11 

rrapaMeTpoB CI1HXPOHHbIX Mallll1H o6pameHHoH KOHCTPyK~l1l1 C IIrv1 11 C 

3JIeKTPoMarHI1THbIM B036Y)l(.n:eHl1eM; 

2. Pa3pa60TaHa MeTo.n:l1Ka Ql1CJIeHHOrO paCQeTa Cl1HXPOHHOH Mallll1HbI 

o6pameHHoH KOHCTPyK~l1l1 C IIrv1; 

3. I10JIYQeHO 3HaQeHI1e M,I(C 06MOTKI1 B036Y)l(.n:eHl15I (OB), 

3KBl1BaJIeHTHoe 3HaQeHl1IO M,I(C IIrv1, KOTopoe MO)l(eT 6bITb I1CrrOJIb30BaHO rrpl1 

o~eHKe ~eJIeC006pa3HOCTl1 rrpl1MeHeHl15I OB l1JII1 IIrv1 B l1H.n:YKTope Mallll1HbI. 

CTpYKTypa H o6beM ,1J;HCCepTaU:HH 

,I(l1CCepTa~l15I COCTOI1T 113 BBe.n:eHI15I, QeTbIpex rJIaB, 3aKJIIOlJeHl15I 11 Crrl1CKa 

JIl1TepaTypbI. Pa60Ta 113JIO)l(eHa Ha 154 CTpaHl1~aX, BKJIIOlJaIOml1X 60 Pl1CYHKOB, 

14 Ta6JII1~. Crrl1COK JIl1TepaTypbI COCTOl1T 113 87 HaI1MeHOBaHI1H. 



B rrepBOH rnaBe rrpOBO,n:I1TC5I KpaTKI1H 0630p 06nacTeH rrpl1MeHeHI15I 

MHOrOrrOnIOCHhIX CI1HXPOHHhIX MalIIl1H 06pameHHOH KOHCTPYKIJ:1111 C 

B036Y)K,n:eHl1eM OT IIM 11 C 3neKTpOMarHI1THhIM B036Y)K,n:eHl1eM. ITpl1Be,n:eHhI 

OCHOBHhle rrpel1MymecTBa 11 He,n:OCTaTKI1 paCCMaTPI1BaeMhIX MalIII1H. TaK)Ke B 

rnaBe rrpOBe,n:eH aHanl13 HayqHhIX rry6nl1KaIJ:I1H rro MeTo,n:I1KaM paCqeTa 

MarHI1THhIX rroneH 11 rrapaMeTPOB MHororronIOCHhIX 3neKTPI1qeCKI1X MalIII1H. 

IToKa3aHO, qTO BorrpOChI, CB5I3aHHhle C paCqeTOM 11 rrpOeKTl1pOBaHl1eM 

3neKTpl1qeCKI1X MalIIl1H 06pameHHOH KOHCTPYKIJ:1111 B nl1Teparype paCCMOTpeHhI 

He,n:OCTaTOQHO rro,n:po6HO. 

Bo BTOPOH rnaBe rrpe,n:CTaBneHa aHanI1TI1QeCKa5I MeTo,n:I1Ka paCQeTa 

MHororronIOCHhIX CI1HXPOHHhIX 3neKTpl1QeCKI1X MalIIl1H 06pameHHOH 

KOHCTPYKIJ:1111 C rrOCT05IHHhIMI1 MarHI1TaMI1. YKa3aHhI OCHOBHhle ,n:orrymeHI15I, 

rrpl1HI1MaeMhle rrpl1 rrOCTaHOBKe 3 a,n:aQI1, OCHOBHhle paCQeTHhle COOTHOlIIeHI15I 11 

rpaHI1QHhle ycnOBI15I. B rnaBe 2 rrpl1Be,n:eHhI pe3ynhTaThI pelIIeHI15I 3a,n:aQI1 0 

pacrrpe,n:eneHI1I1 MarHI1THhIX rroneH B aKTI1BHOH 30He CI1HXPOHHOH MalIIl1HhI 

o6pameHHoH KOHCTPYKIJ:1111 C B036Y)K,n:eHl1eM OT IIM. Ha OCHOBe ,n:aHHoro 

pelIIeHI15I rronYQeHhI COOTHOlIIeHI15I ,n:n5I TaKI1X rrapaMeTpoB MalIII1HhI, KaK 3,[(C 

xonOCToro xo,n:a 11 rnaBHoe I1H,n:YKTI1BHoe COrrpOTI1BneHl1e. ITpoBe,n:eHo 

I1ccne,n:OBaHl1e 3aBI1CI1MOCTI1 3TI1X rrapaMeTpoB, a TaK)Ke MOmHOCTI1 MalIIl1HhI OT 

Ql1cna rrap rronIOCOB 11 OTHOCI1TenhHOH BhICOThI IIM. 

B TpeTheH rnaBe rrpl1Be,n:eHo aHanl1TI1QeCKOe pelIIeHl1e 3a,n:aQ11 0 

pacrrpe,n:eneHI1I1 MarHI1THhIX rroneH B aKTI1BHOH 30He MalIIl1HhI C 

3neKTpOMarHI1THhIM B036Y)K,n:eHl1eM. ITPI1 rrOCTaHOBKe 3a,n:aQI1 I1crronh30Banl1Ch 

,n:orrymeHI15I, aHanOrl1QHhIe ,n:orrymeHI15IM rnaBhI 2. bhInO rronYQeHO pelIIeHl1e 

3a,n:aQI1, Ha OCHOBaHl111 KOToporo, orrpe,n:eneHhI 3,[(C xonOCToro xo,n:a, rnaBHoe 

I1H,n:YKTI1BHoe COrrpOTI1BneHl1e 11 rrocTpoeHhI OCHOBHhIe xapaKTepl1CTI1KI1 MalIIl1HhI. 

B TpeTheH rnaBe rrpe,n:cTaBneHo cpaBHeHl1e ,n:ByX Tl1rrOB o6pameHHhIx 

CI1HXPOHHhIX MalIIl1H - C B036Y)K,n:eHl1eM OT IIM 11 C 3neKTPoMarHI1THhIM 

B036Y)K,n:eHl1eM. B I1Tore rronYQeHO COOTHOlIIeHl1e, KOTopoe rr03BOn5IeT 

orrpe,n:enl1Th MI1HI1ManhHyro Benl1QI1HY M,[(C, KOTOPyro Heo6xo,n:I1MO C03,n:aTh, 



qT06hI BhIXO.n:Ha51 MOmHOCTh reHepaTOpa C 3JIeKTPOMarHI1THhIM B036Y)I(.n:eHI1eM 

6hIJIa paBHa MOmHOCTI1 MaIIII1HhI C rrOCT05lHHhIMI1 MarHI1TaMI1 B 3a.n:aHHhlX 

ra6apI1TaX rrpI1 TOH )l(e qaCTOTe BpameHI151. I1crrOJIh3Y5I 3TO Bhlpa)l(eHI1e, MO)l(HO 

Ou:eHI1Th u:eJIeC006pa3HOCTh rrepexo.n:a K 3JIeKTpOMarHI1THOMY B036Y)I(.n:eHI11O 11, B 

qaCTHOCTI1, K B036Y)l(.n:eHI11O Ha OCHOBe BTCIT rrpOBO.n:OB. B rJIaBe 3 rrpI1Be.n:eH 

CpaBHI1TeJIhHhIH aHaJII13 rro rreperpY30qHOH crroc06HOCTI1 .n:ByX TI1rrOB MaIIII1H 

o.n:I1HaKOBOH KOHCTPYKU:I1I1 C paBHoH JII1HeHHOH HarpY3KoH 51KOP5l. IToKa3aHa 

u:eJIeC006pa3HOCTh rrepexo.n:a K 3JIeKTpOMarHI1THoMY B036Y)l(.n:eHI11O rrpI1 ypOBHe 

TOKa B 06MoTKax B036Y)l(.n:eHI151 6JII13KI1X K 100 A, qTO .n:OCTI1)1(I1MO TOJIhKO rrpI1 

I1CrrOJIh30BaHI1I1 BTCIT 06MOTOK B036Y)l(.n:eHIUI pOTopa 11 KpI10reHHOM 

OXJIa)l(.n:eHI1I1 .n:o TeMrrepaTYP )l(I1.n:Koro a30Ta 11 HI1)1(e. ITpoBe.n:eHHhle B rJIaBe 

paCQeTHO-TeOpen1QeCKI1e I1CCJIe.n:OBaHI151 rrOKa3aJII1, QTO CI1HXPOHHhIe reHepaTophI 

C 3neKTpOMarHI1THhIM B036Y)l(.n:eHI1eM Ha OCHOBe BTCIT rrpoBo.n:oB l1MelOT B 

HeCKOJIhKO pa3 60JIhIIIYIO MomHOCTh rro cpaBHeHI1lO C MarHHT03JIeKTPI1QeCKl1Ml1 

MaIIII1HaMI1 rrpI1 MaJIOM QI1CJIe rrap rrOJIlOCOB 11 rrpI1 60JIhIIII1X QaCTOTax BpameHl151 

pOTopa. 

)1;ocToBepHOCTh H anp06aQHH nOJIyqeHHhlX pe3YJIhTaTOB 

,ll.ocToBepHocTh pe3YJIhTaTOB .n:I1CCepTaU:I10HHOH pa60ThI rro.n:TBep)l(.n:aeTC5I 

rrpoBepKoH pa3pa60TaHHhlx MeTo.n:l1K C I1CrrOJIh30BaHHeM QI1CJIeHHhIX 

3KCrrepI1MeHTOB, KOTophle rrOKa3aJII1 BhICOKYIO CTerreHh TOQHOCTli pe3ynhTaToB, 

rrOJIYQeHHhIX Ha OCHOBe aHaJII1TI1QeCKI1X MeTo.n:I1K. Pe3YJIhTaThI pa60ThI 

.n:OKJIa.n:hIBaJII1Ch Ha 6 HayqHhlx KOH<pepeHU:I151X 11 6hIJII1 OTMeQeHhI rrpeMl151MI1 11 

rrOQeTHhIMli .n:l1rrJIOMaMI1. ABTOPOM orry6JII1KOBaHO 3 pa60ThI B )l(ypHaJIaX, 

peKoMeH.n:oBaHHhlx BAK P<l>. B rry6JII1KaU:I151X aBTopa .n:OCTaTOQHO rrOJIHO 

OTpa)l(eHhI ero OCHOBHhle HaYQHhle pe3YJIhTaThI. 

3aMeqaHHH 

1. AHaJII1TI1QeCKa51 MeTo.n:l1Ka paCQeT pacrrpe.n:eJIeHl151 MarHI1THhIX rrOJIeH 

B aKTI1BHOH 30He 06pameHHoH CI1HXPOHHOH MaIIIl1HhI C B036Y)l(.n:eHl1eM OT ITM 

paCCMaTpI1BaeT TOJIhKO pa.n:l1aJIhHO HaMarHHQeHHhle TIM. O.n:HaKo, .n:JI5I rrpaKTl1Kl1 



60JIhllIOe 3HaqeHIfe TaK)l(e IfMelOT CJIyqaIf TaHreHUIfaJIhHO HaMarHIfqeHHhIX Il1vf. B 

pa60Te paCCMOTPeHIfe TaHreHUIfaJIhHO HaMarHIfqeHHhIX Il1vf OTCYTcTByeT. 

2. B KaqeCTBe anpo6aUIfIf pe3YJIhTaTOB aHaJIHTIfqeCKIfX paCqeTOB B 

pa60Te npIfBe.r:t:eHhI pe3YJIhTaThI qIfCJIeHHOrO Mo.r:t:eJIIfpOBaHIf5l. O.r:t:HaKo, If3BeCTHO, 

qTO, HecMoTP5I Ha BhICOKYIO TOqHOCTh cOBpeMeHHhIx nporpaMMHhIx npo.r:t:YKTOB, 

rr03BOJI5IIOII(IfX npoBo.r:t:IfTh qIfCJIeHHOe MO.r:t:eJIIfpoBaHIfe, pe3YJIhTaThI IfCnhITaHIfM 

MaKeTHhIX 06pa3UOB MoryT OTJIIfqaThC5I OT pe3YJIhTaTOB Mo.r:t:eJIIfpOBaHIf5l. 

3. B pa60Te npIfBe.r:t:eHa qIfCJIeHHa51 MeTo.r:t:IfKa paCqeTa TOJIhKO .r:t:JI5I 

MarHIfT03JIeKTpIfqeCKIfX MallIIfH, HeCMOTp51 Ha TO, qTO aHaJIIfTIfqeCKIfM paCqeT 

MallIIfH C 3JIeKTpOMarHIfTHhIM B036Y)l(.r:t:eHIfeM B pa60Te npIfBe.r:t:eH. 

3aKJlIOQeHUe. 

)l,IfccepTaUIfOHHa51 pa60Ta HanIfCaHa Ha BhICOKOM HayqHoM ypOBHe, 

pe3YJIhTaThI pa60ThI npe.r:t:CTaBJI5IIOT 3HaqIfTeJIhHhIM IfHTepeC. OTMeqeHHhIe 

3aMeqaHIf51 51BJI5IIOTC5I YCTpaHIfMhIMIf, o6II(a51 OueHKa .r:t:IfCCepTaUIfOHHOM pa60ThI 

nOJIO)l(IfTeJIhHa. ABTopecpepaT OTpa)l(aeT OCHOBHoe cO.r:t:ep)l(aHIfe 

.r:t:IfccepTaUIfOHHoM pa60ThI H nOJIHOCThlO cooTBeTcTByeT eM. )l,HccepTaUH5I 

«MHorOnOJIIOCHhIe CHHXpoHHhIe 3JIeKTpIfqeCKIfe MallIHHhI 06paII(eHHOM 

KOHCTPYKUIfH» 51BJI5IeTC5I 3aKOHqeHHOM HayqHO-KBaJIHcpIfKaUHoHHoM pa6oToM, OHa 

y.r:t:OBJIeTBOp5leT BceM Tpe6oBaHH5IM BAK, npe.r:t:b5lBJI5IeMhIM K KaH.r:t:H.r:t:aTCKHM 

.r:t:HccepTaUH5IM, a ee aBTOp, I1BaHoB HHKOJIaM CepreeBHq, 3aCJIY)l(HBaeT 

npHCY)l(.r:t:eHH5I eMY yqeHOM CTerreHH KaH.r:t:H.r:t:aTa TeXHHqeCKHX HaYK. 

.r:t:HpeKTopa 
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